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Abstract
The main ingredient for local superconformal methods is the multiplet of gauge fields: the Weyl
multiplet. We construct the transformations of this multiplet for N = 3, D = 4. The construction
is based on a supersymmetry truncation from the N = 4 Weyl multiplet, on coupling with a current
multiplet, and on the implementation of a soft algebra at the nonlinear level, extending su(2, 2|3).
This is the first step towards a superconformal calculus for N = 3, D = 4.
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1 Introduction
In supergravity it is often a non trivial exercise to construct theories in which gravity multi-
plets are coupled to matter multiplets, so called matter-coupled supergravity theories. The
most systematic approach that has been used for such constructions is the superconformal
method. In this method one starts with a supergravity theory that has additional conformal
symmetries. The multiplet of gauge fields in these theories is called the Weyl multiplet.
This forms the background for general superconformal-invariant interactions of matter mul-
tiplets. The superconformal symmetry is then broken to super-Poincare´ symmetry [1]. This
procedure is a far easier task than constructing a Poincare´ supergravity from scratch. Fur-
thermore, the extra symmetries in conformal supergravity also offer a systematic approach
to the construction of the matter couplings and reveal much of its structure. This super-
conformal method has therefore been used extensively in the past for different supergravity
theories in multiple dimensions and number of supersymmetries. The Weyl multiplet is also
the basis for constructing conformal supergravity theories, which are theories with higher
derivatives. E.g. recently the N = 4 conformal supergravity theories have been studied
in [2, 3].
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An old argument says that N = 3 rigid supersymmetry theories always have a fourth
supersymmetry, and hence are in fact N = 4 supersymmetric theories. This is based on
theories that have an action with a σ-model for the scalars. For every supersymmetry
added to the N = 1 case one needs an additional parallel complex structure, see [4, 5] for
a more detailed discussion on this fact. Consequently, for N = 3 theories one needs two
of such structures. However, similarly as for the complex numbers, two complex structures
automatically lead to a third one. This then immediately results in a theory that has four su-
persymmetries. Another argument for the non-existence of N = 3 supersymmetric theories
that are not N = 4 theories comes from the analysis of multiplets of massless states. The
irreducible representations with maximal spin 1 carry either helicities (1, 3×1/2, 3×0,−1/2)
or (1/2, 3×0, 3×−1/2,−1). Both separately are not CPT invariant. To ensure CPT invari-
ance, one should join both representations. The field content is then that of anN = 4 theory.
The kinetic action that one can construct with at most 2 spacetime derivatives shows that
indeed the fourth supersymmetry is always present. Recently, however, a completely new
approach has been taken to look at four-dimensional N = 3 theories, which has taken quite
some interest from the community [6–13]. These approaches do not rely on the usual La-
grangian philosophy and use techniques originating from holography to discover new physics
in these theories.
This inclusion of N = 3 in N = 4 does not hold for supergravity. In that case other
representations, going up to spin 2 distinguish N = 3 from N = 4. The structure of the
N = 3 and N = 4 supercurrents and their relation to N = 6 supergravity in 5 dimensions
was considered in [14]. A superspace approach to conformal supergravity for N ≤ 4 has
been given in [15]. Poincare´ supergravity-matter couplings with N = 3 in four dimensions
have been considered for their representation content [16], in (harmonic) superspace [17,
18] and using the group-manifold approach [19].1 However, it was never done using the
superconformal method. It can be expected that these methods will result in the same
theory for the supergravity obtained by promoting 3 of the 4 rigid supersymmetries in the
N = 4 supersymmetric σ-model. In any case the superconformal construction of N = 3
Poincare´ supergravity theory may shed more light on the structure of these theories whose
solutions were recently studied in the context the AdS/CFT correspondence [21,22]. Also the
alternative N = 3 theories mentioned above may be studied with superconformal methods.
The first step in this programme is constructing the Weyl multiplet. In fact, a separate
motivation for the construction of the Weyl multiplet is that it seems to be the final gap in
the construction of gauge multiplets of conformal supergravities. These theories have been
constructed for all the possible superconformal groups in dimensions varying from D = 2
to D = 6. It is proven using an algebra argument by Nahm in [23] that no superconformal
algebra exists in higher dimensions.2 Much work has been done to find the Weyl multiplets
in different dimensions and with a different number of supersymmetries, see e.g. [25]. In
two dimensions the possibility for Weyl multiplets has been discussed in [26, 27]. In three
1The N = 3 Poincare´ supergravity theory in four dimensions was also studied in terms of the super-BEH
effect in [20].
2Note, however, that a Weyl multiplet has been constructed for D = 10 in [24], which is not based on a
linear superalgebra.
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dimensions the different multiplets are discussed in [28–30]. An off shell formulation of the
possible Weyl multiplets in three dimensions was given in [31, 32]. In four dimensions the
Weyl multiplet for N = 1 has already been found in [33]. For N = 2 it was found in [34] and
for N = 4 in [35]. It was shown in [36] that no Weyl multiplets exist beyond N = 4. For
five dimensions only N = 2 appears in Nahm’s classification, and the corresponding Weyl
multiplets were found in [37, 38]. The Weyl multiplets in 6 dimensions were constructed
for (1, 0) supersymmetry in [39] and for (2, 0) in [40] and these are the only cases that
appear in the classification of Nahm. We would like to note that the given list of papers
discussing the construction of Weyl multiplets and conformal supergravity theories is far from
complete. Very interesting work on the subject has been done since the original multiplets
were constructed. However, the goal of the given list is merely to present a short overview
of the original works concerning the Weyl multiplets in different dimensions. For the case
of N = 3 conformal supergravity in four dimensions suggestions have been made for the
field content of the Weyl multiplet [41, 42]. The actual derivation of the full symmetry
transformations, however, has never been done.
Before discussing the explicit content of this paper we will give a small introduction into
some general features of the Weyl multiplets in four dimensions. The Weyl multiplet is a
massive multiplet with maximal spin 2. For every spin, the fields of massive multiplets form
representations of USp(2N ) [43, 44]. These are given in Table 1. The explicit SO(3, 1) ×
SU(N ) representations known in four dimensions will be discussed in Section 3.2 in more
detail.
J 2 3/2 1 1/2 0
N = 1 1 2 1
N = 2 1 4 5 + 1 4 1
N = 3 1 6 14 + 1 14′ + 6 14
N = 4 1 8 27 48 42
Table 1: USp(2N ) representations of spin J content of Weyl multiplets.
We have constructed the Weyl multiplet for N = 3 conformal supergravity and found the
nonlinear supersymmetry transformations of the fields in the multiplet. The applied method
resulted in one Weyl multiplet. However, in other dimensions and with a different amount of
supersymmetries it was found that there are several Weyl multiplets. Future work will have
to determine if this is also the case for the N = 3 theory in four dimensions. The constructed
Weyl multiplet consists of 64 + 64 fermionic and bosonic components. The supersymmetric
algebra applied on this representation resulted in a consistent soft algebra as is usually the
case for gauged supersymmetric theories.
Previous research in the subject has often made use of the so-called method of current
multiplets [45, 35, 46]. This method requires a rigid supersymmetry theory at the outset.
Because there is no known N = 3 rigid supersymmetric field theory we have applied a three-
step procedure. The first step in this method consists of consistently truncating the N = 4
current multiplet of theN = 4 Maxwell multiplet, obtained in [35], to three supersymmetries.
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In the second step, similar to the case of N = 4 conformal supergravity, the Weyl multiplet
is found by coupling a field to every current. By imposing invariance of the first order action
(which consists of the current× field terms) one is able to derive the linear supersymmetry
variations of the fields in the Weyl multiplet, starting from the variations of the currents.
These transformations have then been checked for consistency with the symmetry algebra
su(2, 2|3). In the third step, the nonlinear supersymmetry variations are found by taking a
general ansatz for the nonlinear terms and checking for consistency with the soft algebra,
the chiral weights and the conformal weights of the fields.
This paper is organized as follows. In Section 2 we recapitulate the already known Weyl
multiplet for N = 4 conformal supergravity and its construction using the current method.
The truncation to N = 3 conformal supergravity will be discussed in Section 3. This will
lead to the representation of the gravity multiplet (Weyl multiplet) for su(2, 2|3). The R-
symmetry group will break from SU(4) into U(3). The truncated Weyl multiplet, as already
mentioned, consists of 64 + 64 independent components while the N = 4 multiplet consists
of 128 + 128 independent components. A comparison of all the known Weyl multiplets in
four dimensions is given in Section 3.2.
In Section 4 we will give the explicit linear and nonlinear supersymmetry variations of the
N = 3 Weyl multiplet and discuss the method used to find them. The nonlinear variations
are discussed in detail in 4.2. An important part of this derivation leads to the structure of
the soft algebra of the theory, which is a modification of the algebra su(2, 2|3). Such soft
algebras contain structure functions depending on the usual infinitesimal parameters as well
as on the fields present in the Weyl multiplet itself.
Finally, in Section 5 a discussion of the found results will be given.
Appendix A discusses some of the conventions and identities that have been used through-
out the paper.
2 The N = 4 Weyl Multiplet and the current method
The content of the N = 4 Weyl multiplet was given in [47–49] and the transformation rules
were fully constructed in [35,50]. The method used was the so called supercurrent method.
The philosophy is to start with a rigid supersymmetric theory and perturb the theory around
flat space. In this sense one splits the Lagrangian of the theory in a zeroth order and a first
order part:
L = L0 + L1 + . . . . (2.1)
The zeroth order Lagrangian contains the kinetic terms of the rigid supersymmetry theory
and the first order part contains the coupling of the currents with the fields in the multiplet.
This first order coupling uniquely determines as well the content of the Weyl multiplet as its
linear supersymmetry variations. We will recapitulate this construction of [35] in Section 2.2.
The nonlinear variations are determined by consistency with the appropriate algebra. This
is discussed in Section 2.3.
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The rigid supersymmetric theory from which theN = 4 Weyl multiplet in four dimensions
was constructed is the unique N = 4 SYM (super-Yang–Mills) theory that was introduced
in [51]. Section 2.1 will summarize the field content of this theory.
2.1 The rigid N = 4 SYM multiplet
The rigid N = 4 super-Maxwell theory contains a gauge field Bµ, which is an SU(4) singlet,
four fermions ψi, in the SU(4) vector representation and six scalars, ϕij = −ϕji, combined
in the 6 representation of SU(4). The Latin indices denote the representation of the fields
with respect to this SU(4) R-symmetry group and run from 1 to 4. We use chiral spinors
ψi = PLψ
i and their complex (or charge) conjugates ψi = PRψi. We use the notations
from [52] to indicate the chiralities. The scalar fields obey the following reality relations
ϕij = ϕ∗ij = −
1
2
εijk`ϕk`. (2.2)
Instead of using the vector Bµ we will often rather use its field strength, or even better the
(anti-)selfdual parts of this tensor:
Fµν = 2∂[µBν], F
±
µν =
1
2
(Fµν ± F˜µν). (2.3)
The Lagrangian is given by
L = −1
4
FµνF
µν − 1
2
ψi
↔
/∂ ψi −
1
2
(∂µϕij)(∂µϕ
ij), (2.4)
which is conformally invariant, using the coordinate transformations with
ξµ(x) = aµ + λµνxν + λDx
µ + (x2λµK − 2xµxνλKν) , (2.5)
and intrinsic dilatation transformations3
δDBµ = 0 , δDϕij = λDϕij , δDψ
i = 3
2
λDψ
i . (2.6)
On top of that, it is invariant for the following supersymmetric variations (i = PL
i and
i = PRi)
δQ,S(, η)Bµ =
1
2
iγµψi + h.c. ,
δQ,S(, η)ψ
i = −1
4
γµνF−µν
i − /∂ϕijj − 2ϕijηj ,
δQ,S(, η)ϕij = [iψj] −
1
2
εijk`
kψ`.
(2.7)
The action is invariant under rigid superconformal transformations, which means that i can
be linear in the spacetime variable xµ:
i(x) = i0 + x
µγµη
i , (2.8)
3See [52, Sec. 15.3] for more details.
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where i0 and η
i = PRη
i are constants.
The superconformal transformations satisfy the superconformal N = 4 algebra, which
includes su(4) R-transformations
δUϕij = 2λ[i
kϕj]k , δUψi = −λijψj , (2.9)
with an anti-hermitian traceless parameter λi
j. These transformations satisfy the algebra
su(2, 2|4). The general form of the superconformal algebra su(2, 2|N ) has been found in [53]
for general N . It is generated by the standard conformal generators of su(2, 2), together with
supersymmetry generators (Qi = PRQ
i and Qi = PLQi), special supersymmetry generators
(Si = PLS
i and Si = PRSi) and the (s)u(N ) R-symmetry generators Uij (and T ). The
non-trivial commutation relations are as follows:
[M[ab],M[cd]] = 4η[a[cM[d]b]],
[Ka,Mbc] = 2ηa[bKc],
[Pa, Kb] = 2(ηabD +Mab),
[Mab, Q
i
α] = −
1
2
(γabQ
i)α,
[D,Qiα] =
1
2
Qiα,
[U ji , Q
k
α] = δ
k
iQ
j
α −
1
N δ
j
iQ
k
α,
[U ji , Qαk] = −δjkQαi +
1
N δ
j
iQαk,
[T,Qiα] =
1
2
iQiα,
[Ka, Q
i
α] = (γaS
i)α,
{Qαi, Qβj} = −1
2
δji (γ
a) βα Pa,
[Pa,M[bc]] = 2ηa[bPc],
[D,Pa] = Pa,
[D,Ka] = −Ka,
[Mab, S
i
α] = −
1
2
(γabS
i)α,
[D,Siα] = −
1
2
Siα,
[U ji , S
k
α] = δ
k
i S
j
α −
1
N δ
j
iS
k
α,
[U ji , Sαk] = −δjkSαi +
1
N δ
j
iSαk,
[T, Siα] = −
1
2
iSiα,
[Pa, S
i
α] = (γaQ
i)α,
{Sαi, Sβj} = −1
2
δji (γ
a) βα Ka,
(2.10)
{Qiα, Sjβ} = −1
2
δji δ
β
αD −
1
4
δji (γ
ab) βα Mab +
4−N
2N iδ
j
i δ
β
αT − δβαU ji .
Remark that the U(1) generator T is optional4 for N = 4. It does not appear at the right-
hand side of (2.10). This implies that representations of the N = 4 superconformal algebra
may or may not have such chiral transformations. One can check that the supersymmetry
variations of the SYM multiplet in (2.7) constrain the chiral weights of i and 
i in that
representation to be zero. However, if we omit Bµ and take instead F
±
µν as independent field,
then consistent chiral weights can be assigned. These chiral transformations [35, 14, 54] will
play an important role in this paper. The Weyl multiplet of N = 4 is a representation of
SU(2, 2|4), i.e. the fields do transform under the T symmetry. We will leave this aside for
the moment, and will come back to this symmetry at the end of Sec. 2.2.
4One may distinguish in this way PSU(2, 2|4) from SU(2, 2|4), where the former does not contain the
U(1) and defines a simple superalgebra. On the other hand, in [54] this algebra is indicated as PU(2, 2|4)
and the T symmetry is indicated there as U(1)Y .
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The translations are realized on the fields of the super-Maxwell multiplet as derivatives
Pµ = ∂µ, except on the gauge field, where they act as covariant translations: PµBν = Fµν .
The generators are related to transformations with parameters as
δ = ξaPa +
1
2
λabM[ab] + λDD + λ
a
KKa + λi
jUj
i + λT T + ¯
iQi + ¯iQ
i + η¯iSi + η¯iS
i . (2.11)
In this way, the last anticommutator in (2.10) e.g. implies
[δS(η), δQ()] =δD(λD) + δM(λ
ab) + δU(λi
j) + δT (λT ) ,
λD =
1
2
(iηi + h.c.) ,
λab =1
2
(iγabηi + h.c.) ,
λi
j =¯jηi − ¯iηj − 1N δ
j
i (¯
kηk − ¯kηk) ,
λT =
N−4
2N i
iηi + h.c..
(2.12)
The superconformal symmetries are rigid symmetries, but the U(1) gauge transformation of
Bµ is local. Similar to other supersymmetric gauge theories, one then finds soft algebras. This
means that the commutator relations of (Q and S) symmetries lead to U(1) transformations
with parameters dependent on the fields inside the multiplet itself.5 One finds that the
supersymmetry commutator acting on the gauge field Bµ gives the following result:
[δQ,S(1(x), η1), δQ,S(2(x), η2)]Bµ = −1
2
(i1(x)γ
ν2i(x) + h.c.)Fνµ + ∂µλU(1) (2.13)
where λU(1) is the gauge parameter and the x-dependence of (x) is given in (2.8). This
gauge parameter is now dependent on the fields in the multiplet, explicitly one has that
λU(1) = −i2(x)j1(x)ϕij. (2.14)
One can check that the supersymmetry variations given in equation (2.7) are consistent with
the algebra given in (2.10) plus the mentioned gauge parameter term.
Using the Noether procedure, the stress energy tensor, supercurrent and R-symmetry
currents are found from the Lagrangian:
Θµν = −4F+µλF−λν − ψiγ(µ
↔
∂ν) ψi + ηµν(∂
ρϕij)(∂ρϕ
ij)
− 2(∂µϕij)(∂νϕij)−
1
3
(ηµν− ∂µ∂ν)(ϕijϕij) ,
Jµi = −
1
2
γνρF−νργµψi − 2ϕij
↔
∂µ ψ
j − 2
3
γµλ∂
λ(ϕijψ
j) ,
v iµj = ϕ
ik
↔
∂µ ϕkj + ψ
iγµψj −
1
4
δijψ
kγµψk .
(2.15)
5In superspace this effect is due to the fact that we have taken a Wess-Zumino gauge, and these trans-
formations are the decomposition rules to stay in this gauge.
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These currents are, as usual, only determined modulo equations of motion of the matter
fields in the SYM multiplet. These equations of motion are given by
∂µFµν = 0, /∂ψ
i = 0, ϕij = 0. (2.16)
The stress energy tensor is improved such that it is symmetric and traceless.6 Furthermore,
current conservation and conformal symmetry tells us that
∂µΘµν = 0, ∂
µv iµj = 0, ∂
µJµi = 0, ηµνΘµν = 0 γµJµi = 0. (2.17)
The last two equalities are a consequence of the conformal symmetry, and can be verified
from (2.15) using (2.16).
2.2 The N = 4 Weyl multiplet and its linear variations
We are now able to apply the supersymmetry variations of the SYM multiplet to the currents
that were found. We will find that to close the superalgebra on the Noether currents new
(matter) currents have to be introduced. The full multiplet of currents will then give rise
to the Weyl multiplet and its linear supersymmetry variations, as will be explained in more
detail below.
The variation of the stress energy tensor is given by7
δQ()Θµν = −
1
2
kγρ(µ∂
ρJν)k + h.c.. (2.18)
This is something that could be expected since it says that the graviton and gravitino are
related through supersymmetry variations. However, when the supersymmetry current is
varied one finds something new, namely:
δQ()Jµi =−
1
2
γνΘµνi − (/∂v jµi +
1
3
γµλ∂
λγρv jρi )j
− 2
(
∂λtλµij +
1
3
γµν∂
νγ · tij
)
j , γ · tij = γabtabij
(2.19)
Here tµνij is the first current not associated to a symmetry. Its explicit form in terms of the
SYM multiplet is given by8
tabij = −2ϕijF−ab + 14εijk`ψ¯kγabψ` , tabij = −t˜abij , tabij = t∗abij = t˜abij . (2.20)
The rest of the currents in the supercurrent multiplet are found by consecutively applying
these supersymmetry variations. This procedure will result in five more currents associated
6The tracelessness reflects the conformal invariance.
7The special supersymmetry with parameter η in (2.7) and (2.8) is neglected in the linear transformations
considered here. It will be restored later using the superconformal algebra.
8The tilde symbol (t˜ab) is used to denote the dualization of a field on the spacetime indices [ab].
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to matter fields. In terms of the SYM multiplet these new currents are given by
dijk` =ϕ
ijϕk` −
1
6
δijk`ϕ
mnϕmn , ξ
ij
k = −32ϕijψk − δ[ikϕj]`ψ` ,
eij =ψiψj , λi =
1
2
γabF+abψi , c = F
−
abF
ab− .
(2.21)
They satisfy the following conditions
eij = eji , ξ
ij
k = −ξjik , ξiji = 0 , dijk` = 14εijmnεk`pqdpqmn , dijik = 0 . (2.22)
The explicit supersymmetric variations of the currents are given by
δQ()d
ij
k` =−
4
3
(
[kξ
ij
`] + ¯
[iξ
j]
k` + ¯nδ
[i
[kξ
j]n
`] + ¯
nδ
[i
[kξ
j]
`]n
)
,
δQ()ξ
ij
k =−
3
16
γ · tijk −
1
8
δ
[i
kγ · tj]`` +
3
8
εijmnemkn
− 3
4
γµv
[i
µk 
j] − 1
4
δ
[i
kγ
µv
j]
µ` 
` +
3
4
/∂dijk`
`,
δQ()eij =(iλj) −
2
3
εkmn(i
k /∂ξmnj) ,
δQ()tρσij =[iγ[ρJσ]j] −
1
4
εijk`
kγρσλ
` +
1
3
k /∂γρσξ
k
ij,
δQ()v
i
µj =−
1
2
iJµj +
1
2
¯jJ iµ +
1
8
δij(¯
kJµk − ¯kJ kµ ) +
2
3
¯kγµλ∂
λξikj −
2
3
¯kγµλ∂
λξkij ,
δQ()λi =
1
2
c∗i +
1
2
/∂eik
k − 1
8
εijk`γµν(/∂t
µνk`)j,
δQ()J iµ =−
1
2
γνΘµν
i +
1
2
(γργµλ −
1
3
γµλγ
ρ)∂λv iρj 
j − 1
4
∂λ
(
γ · tijγµλ +
1
3
γµλγ · tij
)
j,
δQ()c =i/∂λ
i ,
δQ()Θµν =−
1
2
kγλ(µ∂
λJν)k + h.c. . (2.23)
One can check these by applying the known variation of the N = 4 SYM multiplet to
the currents, which are themselves nonlinear combinations of the SYM fields. The lowest
weight field in the multiplet is the d-current, which is in the 20 representation of the SU(4)
R-symmetry group. Therefore, the multiplet is said to be in the 20 representation of SU(4).
With the extra matter-currents the number of fermionic and bosonic components are
equal, which is a necessary condition for linearized supersymmetry.
The gravity multiplet is found by coupling each of the currents to a corresponding field
in the Lagrangian. This field will either be a gauge field or a matter field, depending on
whether the current is related to a symmetry or not. In the explicit form of the coupling
of currents to fields of the gravity multiplet we choose normalizations for the gauge/matter
fields that are convenient for comparison with [35]:
L1 =Θµνhµν + 2V iµj vµji −
1
2
Dijk`d
k`
ij
10
+(
C c+
1
2
Eije
ij − T µνij tijµν − ψµiJµi − Λ¯iλi +
4
3
χijk ξ
k
ij + h.c.
)
. (2.24)
In the current multiplet we saw that the d-current had the lowest weight. In the Weyl
multiplet this means that the D-field will have the highest weight and is also in the 20
representation of SU(4).
The invariance requirement of the action leads, using the representation properties of
these fields in Table 2 and (2.22), to the following linear variations of the fields
δQ()hµν =
1
2
¯iγ(µψν)i + h.c.+ ∂(µξν) − ηµνλD ,
δQ()C =
1
2
iΛi,
δQ()ψ
i
µ =−
1
2
γρσi∂ρhσµ − Vµjij − 1
4
γ · T ijγµj + ∂µi − γµηi ,
δQ()Λi =/∂Ci +
1
2
Eij
j + 1
4
εijk`γ · T k`j ,
δQ()Vµi
j =¯jφµi − ¯iφjµ − 14δji
(
¯kφµk − ¯kφkµ
)− 1
2
¯kγµχ
j
ik +
1
2
¯kγµχ
jk
i + ∂µλi
j ,
δQ()T
ij
ab =2
[i(∂[aψ
j]
b] − γ[aφj]b]) +
1
4
kγabχ
ij
k +
1
8
εijk`k /∂γabΛ`,
δQ()Eij =(i/∂Λj) − kχmn(i εj)kmn,
δQ()χ
ij
k =−
1
4
γab/∂T ijabk −
1
4
εij`m/∂Ek`m +
1
2
Dijk`
` − γab∂aV [ibk j] − trace,
δQ()D
ij
k` =− 2([i/∂χj]k` + m/∂δ[i[kχj]`]m) + h.c. , (2.25)
where ξµ, λj
i, i, λD and η
i are undetermined due to the constraints (2.17). This leads to
symmetries of the gauge fields. Furthermore we used in (2.25)
φiµ =
1
4
(γρσγµ −
1
3
γµγ
ρσ)∂ρψ
i
σ , (2.26)
which transforms under the η symmetry in the δψiµ as δφ
i
µ = ∂µη
i.
In order to promote these transformations to the transformations of the gauge fields of
the superconformal algebra, one interprets hµν as the first order perturbation of the frame
field:
eaµ = δ
a
µ + hµνη
νa + · · · , δeaµ = −λabηbµ , (2.27)
which needs a compensating Lorentz transformation parametrized by λab since hµν was
defined to be symmetric, and eaµ is defined without a symmetry.
We introduce then the customary composite field
ωµ
ab(e) = 2eν[a∂[µeν]
b] − eν[aeb]σeµc∂νeσc , (2.28)
which in first order reduces to
ωµ
ab(e) = −2eaρebσ∂[ρhσ]µ , δωµab(e) = ∂µλab + . . . . (2.29)
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Field Gauge field Properties SU(4) repr. Weyl weight Chiral weight
c C complex 1 0 2
λi Λi PLΛi = Λi 4
1
2
3
2
eij Eij symmetric & complex 10 1 1
tijab T
ij
ab T
ij
ab = T
[ij]
ab , T˜
ij
ab = −T ijab 6 1 1
ξijk χ
ij
k
χ
[ij]
k = χ
ij
k , χ
ij
i = 0,
PLχ
ij
k = χ
ij
k
20 32
1
2
dijkl D
ij
kl
D
[ij]
[kl] = D
ij
kl, D
ij
kj = 0
Dijkl =
1
4ε
ijmnεklpqD
pq
mn
20′ 2 0
Θµν e
a
µ frame field 1 −1 0
J iµ ψiµ PLψiµ = ψiµ 4 − 12 12
v jµi V
i
µj V
i
µi = 0 15 0 0
Table 2: The multiplet of currents and their corresponding gauge/matter fields for N = 4
conformal supergravity. The third column shows some properties of the gauge fields derived
from the properties of the currents, the fourth column gives the representation of the fields
with respect to the R-symmetry group SU(4), and the fifth and sixth column respectively give
the Weyl and chiral weights of the gauge/matter fields. Explanations for the chiral weights
are given at the end of Sec. 2.2.
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This is thus the gauge field of the symmetry parametrized by λab, and the first term of the
gravitino transformation in (2.25) can then be written as
δQ()ψ
i
µ =
1
4
ωµ
ab(e)γab
i + . . . . (2.30)
When we consider then the gauge transformations in the first line of (2.25), the ξµ
transformation can, up to a λab transformation, be written as δeaµ = ∂µξ
a. The dilatation
transformation is the first order in
δD(λD)e
a
µ = −λDeaµ . (2.31)
We explicitly introduce a gauge field bµ with δD(λD)bµ = ∂µλD in the theory. This gauge field
however caries no degrees of freedom. The reason is that it is the only field that transforms
under the special conformal symmetries. Specifically a special conformal transformation will
only cause a shift in the bµ field:
δKbµ = 2λKµ. (2.32)
In order to have a covariant ωµ
ab under the local transformations (2.31), we have to use
ωµ
ab(e, b) = ωµ
ab(e) + 2e[aµ b
b] , (2.33)
The covariantization of the gravitino transformations further requires that the ∂µ term is
combined with a bµ term. The linear transformation of the gravitino is therefore
δQ()ψ
i
µ =Dµ
i − 1
4
γ · T ijγµj − γµηi ,
Dµ
i =
(
∂µ +
1
2
bµ +
1
4
ωµ
ab(e, b)γab
)
i − Vµjij . (2.34)
The two additions with bµ terms sum up to an extra term
1
2
γµ/b
i. Therefore, this is of
the form9 of the undetermined η term in (2.25) and thus does not invalidate the previous
results. Hence we can include bµ in the set of fields, including also the special conformal
transformations.10
At this time, we can identify the independent fields eaµ, ψ
i
µ, Vµi
j and bµ to gauge fields
of the superconformal algebra (2.10) (for N = 4 and without the T symmetry) according to
Table 3. The composite fields (2.33), (2.26) and
fµ
a = −1
2
eνb∂[µων]
ab(e, b) +
1
12
eaµe
ρ
ce
σ
d∂ρωσ
cd(e, b) , (2.35)
9From the point of view of the final results this reflects the commutator
[δK(λK), δQ()]ψ
i
µ = δK(λK)δQ()ψ
i
µ = 2λKµ
∂
∂bµ
δQ()ψ
i
µ = δS(η
i = −λKµγµi)ψiµ .
10The commutator of supersymmetry transformations on the new field bµ determine at this level the
contribution of special conformal transformations to the commutator of supersymmetries.
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Transformation Generator Parameter Gauge field
Independent
components
Translation Pa ζa e
a
µ 5
Lorentz boosts Mab λab ω
ab
µ composite
Dilatations D λD bµ 0
Special conformal Ka λ
a
K f
a
µ composite
Chiral SU(N ) U ji λ ji V iµj 3(N 2 − 1)
Chiral U(1) T λT Aµ 3
Supersymmetry Qi i ψiµ 12N
Special supersymmetry Si ηi φ
i
µ composite
Table 3: The symmetries of the superconformal group in four dimensions SU(2, 2|N ), their
generators, parameters and gauge fields. The final column denotes the number of independent
components of the gauge fields. The curvature constraints (2.36) have already been imposed
and the redundant gauge degrees of freedom have been subtracted in this component counting.
The table also clearly shows that in the case of N > 1 one has to include matter fields in the
full multiplet to ensure that the number of fermionic and bosonic components are equal.
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provide the (linearized) gauge fields for the other superconformal symmetries. These com-
posite fields can be understood as resulting from constraints on curvatures of the full super-
conformal algebra:
Rµν(P
a) = 0 , γνR̂µν(Q
i) = 0 , eνb R̂µν(M
ab) = 0 . (2.36)
So far, we used only the linearized form of these constraints, but further on we will use these
constraints to complete (2.33), (2.26) and (2.35) at the nonlinear level. The hats on top of
the curvatures imply that they are then dependent on the matter fields in the multiplet as
well. The way that one determines these curvatures and the gauging of the Poincare´ group
is explained in more detail in [52, chapter 11]. A discussion on the curvature constraints is
given in chapter 16 of the same book. Later on we will come back to the curvatures and give
explicit expressions when we reduce to the N = 3 Weyl multiplet. An important motivation
for the constraints is that they reconcile general coordinate transformations with gauged
translations.
For the independent fields, the linearized transformations are in (2.25), with the comple-
tion (2.34) and hµν is replaced by e
a
µ and bµ, which transform under supersymmetry as
δQ()e
a
µ =
1
2
iγaψµi + h.c. ,
δQ()bµ =
1
2
iφµi + h.c.. (2.37)
All the variations of the gauge fields are now consistent with what one would expect from a
gauge theory, i.e.
δ()AAµ = ∂µ
A + CBBµ f
A
BC , (2.38)
for the algebra of the PSU(2, 2|4) symmetry group. This also implies transformations under
S-supersymmetry, dilatations, Lorentz and SU(4) transformations. All the currents, together
with their respective gauge/matter fields, chiral and Weyl weights, are listed in Table 2. This
contains also chiral weights. To explain these we should now come back to the remark after
(2.10), namely that the original SYM multiplet did not have assigned chiral weights. It was
mentioned that the T symmetry for N = 4 is not part of the simple group PSU(2, 2|4).
So far it has also not been included in the symmetries that have been gauged, and e.g. in
the range of the index A in (2.38). However, the currents in (2.15), (2.20) and (2.22) only
depend on the (anti-)self-dual F±µν and not on Bµ explicitly. As was mentioned after (2.10),
this allows one to assign chiral weights to the fields and supersymmetry parameters11
c(ϕij) = 0 , c(ψi) = −c(ψi) = 1
2
, c(F±µν) = ±1 , c(i) = −c(i) =
1
2
. (2.39)
We would like to remark that these weights are consistent with the transformations of the
bonus symmetry discussed in [54].12 The weight of the supersymmetry parameter was di-
rectly assigned using the commutator [T,Q] in (2.10). These lead to the weights of all
11A chiral weight c of a field φ means that the field transforms as δTφ = icφλT , where λT is the parameter
of this transformation.
12Note, however, that this is not a symmetry of the action (2.4).
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the currents and, requiring (2.24) to be invariant, to the weights of the fields of the Weyl
multiplet [35] given in Table 2.
This bonus U(1) symmetry is not gauged so far, though we will come back to its gauging
in Sec. 2.3.
2.3 The nonlinear variations of the N = 4 Weyl multiplet
The next step in constructing the nonlinear supersymmetry variations consists in the covari-
antization of the linear ones.13 This comes down to a three step procedure:
1. make the parameters local:  → (x),
2. change derivatives into covariant derivatives: ∂µ → Dµ,
3. replace all derivatives of gauge fields with curvatures: ∂[µAν] → 12Rµν(A).
After the covariantization one has to make an ansatz concerning the nonlinear terms in the
variations. These terms have to be consistent with the representations and the Weyl and
chiral weights of the different fields. The consistency with SU(4) means that the indices of
the fields need to be correctly contracted on the right-hand side of the variations such that
they match the indices on the left hand side. The terms in the right-hand side will also have
to be combined in such a way that the sums of the Weyl and chiral weights of the fields
and derivatives equal those of the Weyl and chiral weight of the field in the left-hand side of
the variation. Finally, the coefficients appearing in front of the nonlinear terms have to be
determined by imposing soft algebra relations to be determined by comparing the action of
the commutator on the different fields. We will specify the relations below.
The chiral bonus symmetry, which was so far only a rigid symmetry, can be extended
to a local symmetry [35], using a rewriting of the scalar field C of the Weyl multiplet as
projective coordinate of the coset space SU(1, 1)/U(1) as in [55].14 This means that the
complex field C is replaced by a complex constrained doublet {Φα} = {Φ1,Φ2}, constrained
to |Φ1|2 − |Φ2|2 = 1. This new doublet has now the following transformation laws
δΦα = Uα
βΦβ + iλTΦα , (2.40)
where λT is a local parameter, and Uα
β with (Uα
β)∗ = −ηαγUδγηδβ and Uαα = 0 are rigid
parameters. Appropriate insertions of Φα allowed the authors of [35] to write the Weyl
multiplet with a local λT chiral symmetry, acting on all the fields φ as in footnote 11, with
the weights c given in Table 2. The gauge connection is the composite field
Υµ = −1
2
iΦα
↔
∂µ Φα − 1
4
iΛiγµΛi, Φ
1 = (Φ1)
∗ , Φ2 = −(Φ2)∗ . (2.41)
13Details of this procedure have been discussed in [39, sec. 2].
14One could expect that the field C is related to the bonus symmetry since its current c = F−abF
ab− allowed
for the bonus symmetry in N = 4 SYM in the first place.
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The second term is arbitrary and is introduced to simplify further formulae where Υµ appear.
This is the case for all covariant derivatives, which have now a term
Dµφ = . . .− icΥµφ . (2.42)
The relation with the formulation in terms of C is made by gauge fixing, imposing the gauge
condition Φ1 = (Φ1)
∗. This also fixes λT in terms of the rigid parameters U11 and U12
λT = iU1
1 + 1
2
iU1
2C − 1
2
i(U1
2C)∗ , (2.43)
where we have that
C =
Φ2
Φ1
. (2.44)
On the other hand we can then also write that
Φ1 =
1√
1− |C|2 , Φ2 =
C√
1− |C|2 . (2.45)
The variation of the original scalar with respect to the new parameters is
δC = U2
1 − 2U11C − U12C2 . (2.46)
In the previous subsection we considered the linearized theory, which is also linear in C.
Hence it contains only the rigid U11 symmetry, related to the remaining constant value of λT
according to (2.43) as U1
1 = −iλT . Hence we have
δC = 2iλTC , (2.47)
agreeing with the weight 2 assigned to C in Table 2. The reason one introduces the ex-
tra local symmetry and scalar doublet is that it puts strong restrictions on the nonlinear
supersymmetry transformations.
The full nonlinear variations of the Weyl multiplet, including the S-supersymmetry vari-
ations were found in [35] and are given by15
δQ,S(, η)e
a
µ =
1
2
iγaψµi + h.c.,
δQ,S(, η)Φα =− 1
2
iΛiεαβΦ
β,
δQ,S(, η)ψ
i
µ =Dµ
i − 1
4
γ · T ijγµj −
1
2
εijk`Λ`jψµk − γµηi ,
δQ,S(, η)Λi =ε
αβΦα /DΦβi +
1
2
Eij
j +
1
4
εijk`γ · T k`j,
δQ,S(, η)bµ =
1
2
(
iφµi − η¯iψµi + h.c.
)
,
δQ,S(, η)V
i
µj =
iφµj +
1
2
kγµχ
i
kj −
1
4
Eikεjkmn
mψnµ −
1
12
EikjγµΛk
15See the translation of conventions in Appendix A.4.
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+
1
8
εik`mkγabT
ab
`j γµΛm +
1
6
εαβ
iγµΦ
α /DΦβΛj
− 1
2
[iγaψµ[kΛ`]γaΛ
k] − ψiµηj − h.c.− trace,
δQ,S(, η)Eij =(i /DΛj) − kχmn(i εj)kmn −
1
2
ΛiΛjkΛ
k + ΛkΛ(ij)Λ
k + 2η(iΛj),
δQ,S(, η)T
ij
ab =
[iRˆ
j]
ab(Q) +
1
4
kγabχ
ij
k +
1
8
εijk`k /DγabΛ` −
1
12
Ek[ij]γabΛk
− 1
6
εαβ[iγabΦα /DΦβΛ
j] − 1
4
εijk`ηkγabΛ`,
δQ,S(, η)χ
ij
k =−
1
4
γab /DT ijabk −
1
4
εij`m /DEk`m +
1
2
Dijk`
` − 1
2
γabRˆab(V
[i
k )
j]
+
1
4
Ek`E
`[ij] − 1
12
εk`mnE
`[i(γ · T j]nm + γ · Tmnj])
+
1
4
εij`mεαβΦα /DΦβγabT
ab
k` m +
1
4
γan
(
εij`nχm`k −
1
2
εij`mχn`k
)
γaΛm
+
1
4
[i
(
Λ
j]
/DΛk +
1
2
Λk /DΛ
j]
)
− 1
4
γab[i
(
Λ
j]
γaDbΛk −
1
2
ΛkγaDbΛ
j]
)
− 1
24
εij`mΛm
[
5`(EknΛ
n + 2εαβΦ
α /DΦβΛk)− k(E`nΛn + 2εαβΦα /DΦβΛ`)
]
− 1
4
γ · T ijγc[kΛ`γcΛ`] −
1
4
γ · T `[iγc[kΛj]γcΛ`] +
1
4
[iΛ
j]
ΛmΛkΛm − trace
+
1
2
γ · T ijηk +
1
3
δ
[i
kγ · T j]`η` −
1
2
εij`mEk`ηm
+
1
4
γaη
[iΛkγ
aΛj] +
1
12
γaδ
[i
k η
j]Λ`γaΛ
` − 1
12
γaη`Λ`γaδ
[i
kΛ
j] ,
δQ,S(, η)D
ij
k` =− 2[i /Dχj]k` +
1
2
εijmnpTk` · (2TnpΛm + TmnΛp)
+
1
4
εk`mn
[i
(
−4Ej]pχmnp + γ · Tmn
↔
/D Λj] +
2
3
Ej]mEnpΛp
+
4
3
Ej]nεαβΦα /DΦβΛ
m + γ · TmnΛpΛj]Λp
)
+ [i
(
γaχ
m
k`Λ
j]
γaΛm − εαβΦα /DΦβγ · Tk`Λj] +
1
3
Λ[kE`]mΛ
j]
Λm
)
+
1
12
[iγabεαβΦ
α /DΦβΛj]Λkγ
abΛ` − trace + h.c., (2.48)
where
Dµ
i =
(
∂µ +
1
2
bµ +
1
4
ωµ
ab(e, b, ψ)γab − 12 iΥµ
)
i − Vµjij , (2.49)
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with composite fields ωµ
ab(e, b, ψ) and φµ as solutions to the constraints (2.36):
φia =−
1
2
γbR̂′iab(Q) +
1
12
γaγ
bcR̂′ibc(Q) ,
R̂′µν(Q
i) =2
(
∂[µ +
1
2
b[µ +
1
4
γabω[µ
ab − 1
2
iΥ[µ
)
ψiν] − 2V[µjiψjν]
− 1
2
γabT ijabγ[µψν]j +
1
2
εijklψ¯µjψνkΛ` ,
R̂µν(Q
i) =R̂′µν(Q
i)− 2γ[µφiν] .
(2.50)
The covariant derivatives on fields are covariant for all symmetries. E.g. on Φα this is
DµΦα = (∂µ − iΥµ) Φα + 1
2
ψ¯iµΛiεαβΦ
β, (2.51)
but this simplifies in the expression
εαβΦαDaΦβ = ε
αβΦα∂aΦβ − 1
2
ψiaΛi. (2.52)
Note that this is the expression that reduces to ∂aC in the linearized theory.
The only elementary field that transforms under K is bµ as in (2.32).
The algebra of N = 4 conformal supergravity is a soft algebra, i.e. with parameters that
are dependent on the fields in the multiplet. The algebra of Q supersymmetries is
[δQ(1), δQ(2)] =δcgct(ξ
µ) + δM(λ
ab
1 ) + δQ(
i
3) + δS(η
i
1) + δSU(4)(λ
i
1j ) + δU(1)(λT ) + δK(λ
a
1K),
ξµ =
1
2
i2γ
µ1i + h.c.,
λab1 =− i1j2T abij + h.c.,
i3 =
1
2
εijk`Λj1k2`,
ηi1 =−
1
2
k1
`
2χ
i
k` −
1
8
(k2γa1j + h.c.)(γ
aχijk +
1
2
εij`mγ · TkmγaΛ`)
− 1
48
(i2γa1j − δij`2γa1` + h.c.)γa(EjkΛk − 2εαβΦα /DΦβΛj)
+
1
8
εijk`1k2` /DΛj +
1
6

[i
1 
j]
2 (EjkΛ
k + 2εαβΦ
α /DΦβΛj),
λ i1j =
1
4
Eikεk`mj
`
2
m
1 +
1
8
(k2γ
a1j + 2jγ
ak1 − δkj ¯2`γa`1)ΛiγaΛk
− 1
8
i2γa1jΛ
k
γaΛk − h.c.− trace,
λT =
1
8
i(i2γa1j + h.c.)(Λ
j
γaΛi − δjiΛ
k
γaΛk),
λa1K =
1
12
2iγ
bj1
˜ˆ
Rab(V
i
j ) +
1
3
i2
j
1DbT
ab
ij +
1
32
1iγ · Tjkγaγ · T ijk1
+
1
24
i2iγb
i
1ε
abcd
(
DcΦ
αDdΦα − 1
4
(Λ
j
γcDdΛj − h.c.)
)
+ h.c.,
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[δS(η), δQ()] =δD(λD) + δM(λ
ab
2 ) + δSU(4)(λ
i
2j ) + δS(η
i
2) + δK(λ
a
2K) ,
λD =
1
2
iηi + h.c.,
λab2 =−
1
2
ηiγ
abi + h.c.,
λ i2j =
iηj −
1
4
δij
kηk − h.c.,
ηi2 =
1
8
εijk`γaΛ`ηkγaj,
λa2K =−
1
24
ηiγ · T ijγaj + h.c. ,
[δS(η1), δS(η2)] =δK(λ
a
3K) ,
λa3K =
1
2
η¯i2γ
aη1i + h.c. . (2.53)
This algebra is an extension of su(2, 2|4) since it reduces to the latter upon putting the fields
of the Weyl multiplet to zero.
3 The N = 3 Weyl multiplet
3.1 The truncation to N = 3 extended conformal supergravity
In this section the construction of the Weyl multiplet for N = 3 supergravity in four di-
mensions will be discussed. The construction is based on an explicit breaking of the super-
symmetric conformal group PSU(2, 2|4) into SU(2, 2|3). This breaking will happen in three
steps. Firstly one supersymmetry parameter, 4, is set to zero and secondly the appropriate
field components of the N = 4 Weyl multiplet will have to be found that keep an N = 3
symmetry after the truncation. Finally, the variations of the fields in the new representation
are derived. Deriving the explicit supersymmetry variations will be the subject of the next
section.
In our truncation we will find that the SU(4) R-symmetry group breaks to SU(3)×U(1).
This means that the Latin indices used in the previous section will not run from 1 to 4
anymore, but from 1 to 3. For the linear transformations that we present first in this
section, the U(1) factor provides the N = 3 T -symmetry in (2.10). This will be more subtle
for the nonlinear transformations since the non-linear U(1) R-symmetry is a combination
of the bonus U(1) symmetry described in the previous section and the U(1) factor in the
truncation SU(4)→ SU(3)×U(1). The way in which these two U(1) symmetries are merged
was already described in [14], and will be relevant when we will discuss the nonlinear theory
in section 4.2.
In the truncation of the R-symmetry group we will have to choose a convention for the
order of the Levi-Civita tensor. The following choice has been made:
εijk := εijk4. (3.1)
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Considering the variations (2.23), we can identify the set of currents containing Θµν that
form a multiplet under the transformations i, i = 1, 2, 3, putting 4 = 0. These are
Weylc(N = 3) = {dmn , ξij, ξi, ei, tabi , v iµj , λ(R,L), Jµi, Θµν} , i = 1, 2, 3, (3.2)
where we have defined
dmn :=
1
4
εmk`εnijd
ij
k` = d
m4
n4 , ξij :=
1
2
εk`(iξ
k`
j) , ξ
i :=
1
2
ξijj ,
ei := ei4, t
ab
i :=
1
2
εijkt
abjk = t˜abi , λR := λ4 , λL := λ
4 . (3.3)
The λ-current has become an SU(3) scalar and thus there is an ambiguity in the notation
concerning the chirality of the spinor. To indicate the chirality of the spinor we use subscripts
L or R. For practical use, it is also useful to record the inverse of the transformation between
the ξ symbols:
ξijk = ε
ij`ξk` − 2δ[ik ξj] . (3.4)
This is a multiplet with 64 + 64 components and is found to be in the 8 representation
of the SU(3) R-symmetry group. This labeling stems from the fact that the lowest weight
current, dmn , is in the 8 representation, having the traceless property, d
n
n = 0, inherited from
the properties of the N = 4 current. In [41, 42] a similar suggestion has been made for the
representations that should be present in the N = 3 Weyl multiplet. The next step is to
truncate the supersymmetry transformations of (2.23):
δQ()d
m
n =−
2
3
εijmiξjn + 2nξ
m − 2
3
δmn ¯kξ
k + h.c.,
δQ()ξij =−
3
16
γ · t(ij) −
3
8
e(ij) −
3
8
εk`(iγ
av kaj) 
` +
3
4
εk`(i/∂d
`
j)
k,
δQ()ξ
i =− 1
32
εijkγ · tkj −
3
16
εijkejk −
1
16
γav iaj 
j +
3
16
γav jaj 
i +
3
8
/∂dij
j,
δQ()ei =
1
2
iλR − 2εijkj /∂ξk −
2
3
j /∂ξij,
δQ()t
ab
i =
1
2
εijk
jγ[aJ b]k − 1
4
iγ
abλR − 1
3
εijk
j /∂γabξk +
1
3
j /∂γabξij,
δQ()v
i
µj =−
1
2
iJµj +
1
8
δij
kJµk −
2
3
εjkl
kγµλ∂
λξil − 2
3
iγµλ∂
λξj +
2
3
δij
kγµν∂
νξk − h.c.,
δQ()λR =
1
2
/∂ei
i +
1
4
γab(/∂t
ab
i )
i,
δQ()Jµi =−
1
2
γνΘµνi −
1
2
(γργµν −
1
3
γµνγ
ρ)∂νv jρi j
− 1
4
εijk∂
ν
(
γ · tjγµν +
1
3
γµνγ · tj
)
k,
δQ()Θµν =−
1
2
kγλ(µ∂
λJν)k + h.c.. (3.5)
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The coefficients of the different terms have been checked on consistency with the algebra.
Namely, the following commutator, when acting on the currents, has been calculated in this
procedure:
[δ(1), δ(2)] =
1
2
i2γ
µ1iPµ + h.c.. (3.6)
As was already expected we find that the R-symmetry group partially breaks from SU(4)
to SU(3)× U(1). This is supported by the fact that the associated current acquires a trace
after truncation:
4∑
i=1
v iµi = 0 ⇒
3∑
i=1
v iµi = −v 4µ4 6= 0. (3.7)
Because we are interested in the irreducible representations of the symmetry group we split
up the R-current in a traceless part and an SU(3) scalar, namely: v iµj = vµ j
i + 1
3
iδijaµ:
δQ()vµj
i =− 1
2
iJµj +
1
6
δij
kJµk −
2
3
εjk`
kγµν∂
νξi` − 2
3
iγµλ∂
λξj +
2
9
δij
kγµν∂
νξk − h.c.,
δQ()aµ =
1
8
iiJµi −
4i
3
iγµν∂
νξi + h.c.. (3.8)
The current multiplet now consists of the following fields:
Weylc(N = 3) = {dmn , ξij, ξi, ei, tabi , v iµj , aµ, λ(R,L), Jµi, Θµν} , i = 1, 2, 3, (3.9)
From the truncation of N = 4 conformal supergravity one finds that there are two
(spin-3/2) multiplets in the 6 and 6¯ representations of SU(3), additionally to the (spin-2)
stress-energy tensor multiplet in the 8 representation of SU(3). The components of the
N = 4 multiplet therefore decompose as 20 → 8 ⊕ 6 ⊕ 6¯, under the truncation of the
R-symmetry group (SU(4)→ SU(3)× U(1)).
The 6 and 6¯ multiplets consist of 32 + 32 components given by
Φ3/2 = {dij, ξij, ξˆi, eij, e, tˆabi , viµ, λi, J µ, c} (3.10)
and its conjugate multiplet16, with
dij := εik`d
k`
j4 = dji , ξ
i
j := ξ
i
j4, ξˆi :=
1
2
εijkξ
jk
4 , e := e44 ,
tˆabi := t
ab
i4 = −˜ˆtabi , viµ := v iµ4 , J µ := J µ4 . (3.11)
The lowest weight component, dij, is in the 6 representation of SU(3). The supersymmetry
variations of this multiplet are found in the same way as for the 8 representation, namely
by a consistent truncation of the variations in the N = 4 multiplet:
δQ()dkl = −
4
3
(kξl) −
4
3
εij(k
iξjl),
16The conjugation has to be taken in the N = 4 representation.
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δQ()ξ
i
j = −
3
16
γ · tˆji + 3
8
εimne
mjn +
3
8
γµviµj +
3
8
εikl /∂djlk − trace,
δQ()ξˆi = −3
8
ei −
3
8
εijkγ
µvjµ
k +
3
8
/∂dij
j,
δQ()e
ij = (iλj) − 4
3
εkm(ik /∂ξ
j)
m,
δQ()e = −4
3
k /∂ξˆk,
δQ()tˆ
ab
i =
1
2
iγ
[aJ b] − 1
4
εikl
kγabλl +
1
3
j /∂γabξ
j
i ,
δQ()v
i
µ = −
1
2
iJµ +
2
3
jγµν∂
νξij +
4
3
εijkjγµν∂
ν ξˆk ,
δQ()λ
i =
1
2
c i +
1
2
/∂eijj −
1
4
εijkγab/∂tˆ
ab
k ,
δQ()Jµ =
1
2
(γργµν −
1
3
γµνγ
ρ)∂νviρi +
1
4
(γabγµν +
1
3
γµνγab)∂
ν tˆabi 
i
δQ()c = i/∂λ
i . (3.12)
Hence, we find that none of the currents in the N = 3 Weyl current multiplet are found
in the right-hand side of the variations. This means that we can consistently put all of these
currents to zero and conclude that the truncation of the 20 representation of SU(4) into
8⊕ 6⊕ 6¯ of SU(3) is consistent and that the multiplets are disjoint:
δQ()Weylc(N = 3) ⊂Weylc(N = 3),
δQ()
(
Φ3/2, Φ¯3/2
)∩Weylc(N = 3) = 0. (3.13)
3.2 Components of the Weyl multiplet(s)
Now that we know the content of the N = 3 Weyl current-multiplet, we can determine the
gauge and matter fields in the Weyl multiplet.
The Weyl multiplet is simply found by coupling a field to each of the currents, exactly as
was already done in the case of N = 4 conformal supergravity. The first order action then
looks like
S1(N = 3) =
∫
d4x Θµνh
µν + 2Vµjivµij − 4Aµaµ −Dmn dnm
+
(
Eiei − T iabtabi − ψiµJ µi − ΛLλL +
4
3
χijξij + 4ζ¯
iξi + h.c.
)
,
(3.14)
leading to the independent fields
Weyl(N = 3) = {hµν , ψiµ, ΛL, V iµj , Aµ, T iab, Ei, χij, ζi, Dmn }, (3.15)
where V iµj is traceless. As in sec. 2.2, we can introduce then the Lorentz transformations,
dilatations and special conformal transformations. This works exactly as explained there
23
and leads to the replacement of hµν by e
a
µ, the introduction of the gauge field bµ and the
definition of composite gauge fields by the constraints (2.36). This replaces the set (3.15) by
Weyl(N = 3) = {eaµ, ψiµ, ΛL, bµ, V iµj , Aµ, T iab, Ei, χij, ζi, Dmn }. (3.16)
These fields are consistent with earlier suggestions made for the N = 3 Weyl multiplet
in [41, 42], similar to the case of the current multiplet. We will present the transformations
in Sec. 4.1.
Although we have found the N = 3 Weyl multiplet through a reduction of the N = 4
current multiplet, which was then coupled to the gauge fields, one could also directly reduce
the N = 4 Weyl multiplet.17 Both procedures are completely consistent. We have chosen
the normalizations of the gauge fields that couple to the N = 3 current multiplet in such
a manner that the Lagrangian given in (3.14) resembles the one in (2.24). Considering the
N = 3 Weyl multiplet as a reduced version of the N = 4 Weyl multiplet (setting the fields
in (3.10) to zero), we can identify (2.24) with (3.14) for
ΛL = Λ4, Ei = Ei4, T
ab
i = εijkT
jkab, Aµ = −
2
3
iVµi
i =
2
3
iVµ4
4 ,
Vµij = Vµij − 1
3
δjiVµk
k , ζ i = 2χijj , χij = εk`(iχ
k`
j) , D
m
n = εijnε
k`mDijk`, (3.17)
where all the i, j, . . . indices refer now to an SU (3) representation and thus run from one to
three. Two inverse relations that will be useful in the future are
χijk =
1
2
εij`χk` − 12δ[ik ζj] , Vµij = Vµij +
1
2
iδi
jAµ . (3.18)
The last equation implies also how the SU(4) transformations contribute to the SU(3) and
T transformations. In fact, it implies for the parameters
λi
j = λˆi
j +
1
2
iδi
jλT , λ4
4 = −3
2
iλT . (3.19)
The parameter λi
j has a trace and corresponds to the gauge field Vµi
j, λT is the tracepart
and corresponds to the gauge field Aµ, finally the symbol λˆij is the traceless part of λij and
corresponds to the gauge field Vµij. Because the notation is rather heavy we will omit the
hat in the future and from here on assume that the R-symmetry parameter λi
j is once again
traceless.
We can then calculate the weights under this λT transformation for all the fields in the
N = 3 multiplet (3.16), using their definition from N = 4 fields in (3.17). It turns out that
this weight is equal to the chiral weight of the extra generator in N = 4 mentioned in the
last column of Table 2. Therefore we can identify these symmetries and use λT for both.
17We would like to mention that it is also possible to construct the N = 3 Weyl multiplet directly from the
SU(2, 2|3) algebra, which was done in [56] when version two of this paper was being finalized. This procedure
however hides many of the subtleties and interesting connections between the different Weyl multiplets in
extended conformal supergravity.
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The corresponding gauge field will then be the sum of Aµ in (3.17) and Υµ reduced from
(2.41). However, the latter has no linear part after the truncation to N = 3 and will only
play a role in the non-linear theory. We will therefore come back to this in Sec. 4.2, see
(4.6).
The summary of the currents and the fields for N = 3 is given in Table 4, which also
mentions these chiral weights.
Now that we know the components of theN = 3 Weyl multiplet, we are able to summarize
all the known Weyl multiplets in four dimensions. More information on these multiplets can
be found in [35,57,41,42]. The different known Weyl multiplets18 in four dimensions, varying
from N = 4 to N = 1 are listed in Table 5. This table is an extension of Table 1 given in the
introduction. Here the representations are further split into SU(N ) representations, which
correspond to the fields of the Weyl multiplets as e.g. for N = 4 in Table 2 and for N = 3
in Table 4. Another systematic way of representing the states of the N ≤ 4 Weyl multiplets
has been given in [59].
4 Supersymmetry transformations of the N = 3 Weyl
multiplet
To find the supersymmetry variations we follow the same procedure as was applied in the case
of N = 4 conformal supergravity. This means that first the linear variations are determined
by imposing invariance of the first order action, and inserting the superconformal symmetries,
as explained at the end of the previous section. In a second step these variations will be
covariantized. Thereupon an ansatz for the nonlinear terms in the variations will be made
such that the representations, Weyl weights and chiral weights are consistent. Finally, this
will be checked for compatibility with the soft algebra, fixing the coefficients of the nonlinear
terms.
4.1 The linear supersymmetry transformations
The procedure outlined at the end of the previous section leads to the following linear
supersymmetry variations
δQ()e
a
µ =
1
2
iγaψµi + h.c.,
δQ()ψ
i
µ =Dµ
i − 1
8
εijkγ · Tkγµj,
δQ()bµ =
1
2
¯iφµi + h.c.
δQ()V iµj =iφµj −
1
8
iγµζj −
1
4
εjk`
kγµχ
i` − h.c.− trace,
18For N = 2 there is also another version known, which has been called the ’dilaton Weyl multiplet’
constructed first for D = 6 and D = 5 [39,38], and recently also for D = 4 [58].
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Current Gauge field Properties SU(3) repr. Weyl weight Chiral weight
λL ΛL PLΛ = ΛL, PRΛ = ΛR 1
1
2
3
2
ei Ei complex 3 1 1
tiab T
i
ab T˜
i
ab = T
i
ab 3 1 −1
ξij χij PLχij = χij 6
3
2
1
2
ξi ζ
i PLζ
i = χi 3 32
1
2
dmn D
m
n D
n
n = 0 8 2 0
Θµν e
a
µ frame field 1 −1 0
J iµ ψiµ PLψiµ = ψiµ 3 − 12 12
v iµj V iµj V jµj = 0 8 0 0
aµ Aµ 1 0 0
− bµ dilaton 1 0 0
Table 4: The multiplet of currents and their corresponding gauge/matter fields for N = 3
conformal supergravity. The third column shows some properties of the gauge fields derived
from the properties of the currents, the fourth column gives the R-symmetry representation
of the currents (and fields) and the fifth and sixth column respectively give the Weyl and
chiral weights of the gauge/matter fields.
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field #states N = 4 N = 3 N = 2 N = 1
rep. #states rep. #states rep. #states rep. #states
eµ
a 5 1 5 1 5 1 5 1 5
Vµ 3
(101)
15
45
(11)
8
24
(2)
3
9
Aµ 3 1 3 1 3 1 3
Tab 3 + 3
(010)
6
36
(10)
3
18 1 6
D 1
(020)
20
20
(11)
8
8 1 1
C 1 + 1 1 2
E 1 + 1
(200)
10
20
(10)
3
6
ψµ 4 + 4
(100)
4
32
(10)
3
24
(1)
2
16 1 8
χ 2 + 2
(110)
20
80
(20)+(01)
6+3
36
(1)
2
8
Λ 2 + 2
(100)
4
16 1 4
128 + 128 64 + 64 24 + 24 8 + 8
Table 5: Weyl multiplets, ordered according to massive spin. The names of the field contain
only the spacetime indices, since the other indices depend on N . The second column gives
the off-shell number of components as representation of the little group SU(2). Adding the
representation content (counting double the fields reducible under SU(2)) agrees with the
numbers in Table 1. For the nontrivial representations, also the Dynkin labels are given,
which corresponds to the Young Tableaux (the i-th Dynkin label is the number of columns
with i vertical boxes). The fields that have two parts in the second column have also the
conjugate representation in SU(N ).
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δQ()Aµ =−
1
6
iiφµi −
1
6
iiγµζi + h.c.,
δQ()ΛL =
1
2
Ei
i − 1
4
γabT
ab
i 
i,
δQ()Ei =
1
2
i/∂ΛL +
3
4
εijk
jζk +
1
2
jχij,
δQ()T
i
ab =
1
4
i/∂γabΛR + ε
ijkjRˆab(Qk) +
1
4
jγabχ
ij − 1
8
εijkjγabζk,
δQ()χij =−
1
4
γab/∂T
ab
(i j) +
1
2
εk`(iγ
abRˆab(V `j) )k +
1
2
/∂E(ij) +
1
4
εk`(iD
`
j)
k,
δQ()ζ
i =
1
2
εijk /∂Ejk −
1
12
εijkγab/∂T
ab
k j −
1
6
γabRˆab(V ik )k +
2
3
iγabRˆab(A)i + 1
4
Dik
k,
δQ()D
m
n =
3
2
m/∂ζn − εijni /Dχjm − trace + h.c., (4.1)
with Dµi as in (2.34), which after the split in (3.18) is
Dµ
i =
(
∂µ +
1
2
bµ +
1
4
ωµ
ab(e, b)γab − 12 iAµ
)
i − V iµj j . (4.2)
These variations agree also with the reduction of (2.25), (2.34) and (2.37), and are consis-
tent with the N = 3 supersymmetry algebra. The highest order component of the multiplet
is Dmn , which is in the 8 representation of SU(3).
The next step is to derive the special supersymmetry transformations generated by Si.
This derivation is similar to the derivation of the Q-supersymmetry variations, the difference
is that in this case the last line in (2.10) is used to determine the coefficients in the variations.
The non-trivial linear special supersymmetry variations are given by
δS(η)ψ
i
µ =− γµηi ,
δS(η)bµ =−
1
2
ψiµηi + h.c. ,
δS(η)V
i
µj =− ψiµηj − trace− h.c.,
δS(η)Aµ =
1
6
iψiµηi + h.c.,
δS(η)Ei = ηiΛL,
δS(η)T
i
ab =−
1
2
ηiγabΛR,
δS(η)χij =
1
2
γ · T(iηj) + E(iηj),
δS(η)ζi =−
1
6
εijkγ · T jηk + εijkEjηk .
(4.3)
4.2 The nonlinear supersymmetry transformations and the soft
algebra
To find the nonlinear part of the supersymmetry variations one has to follow the same
method as was described in the case of N = 4 conformal supergravity. A careful analysis
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results in the following nonlinear variations
δQ,S(, η)e
a
µ =
1
2
iγaψµi + h.c.,
δQ,S(, η)ψ
i
µ =Dµ
i − 1
8
εijkγ · Tkγµj −
1
2
εijkΛLjψµk − γµηi,
δQ,S(, η)bµ =
1
2
(iφµi − ψiµηi) + h.c.,
δQ,S(, η)V iµj =iφµj −
1
8
iγµζj −
1
4
εjk`
kγµχ
i` − 1
4
εk`jE
ikψ`µ +
1
8
iγaψµjΛLγ
aΛR
+
1
12
i
(
Ej +
3
4
γ · Tj
)
γµΛR − ψiµηj − h.c.− trace,
δQ,S(, η)Aµ =−
1
6
iiφµi −
1
6
iiγµζi +
1
6
iεijkE
ijψkµ +
1
6
iiγaψµiΛLγ
aΛR
+
1
9
ii
(
Ei +
3
4
γ · Tj
)
γµΛR +
1
6
iψiµηi + h.c.,
δQ,S(, η)ΛL =
1
2
Ei
i − 1
4
γ · Tii,
δQ,S(, η)Ei =
1
2
i /DΛL +
3
4
εijk
jζk +
1
2
jχij +
1
2
ΛLΛLiΛR + ηiΛL,
δQ,S(, η)T
i
ab =
1
4
i /DγabΛR + ε
ijkjRˆab(Qk) +
1
4
jγabχ
ij − 1
8
εijkjγab
(
ζk −
2
3
EkΛR
)
− 1
2
ηiγabΛR,
δQ,S(, η)χij =−
1
4
γab /DT
ab
(i j) +
1
2
εk`(iγ · Rˆ(V `j) )k +
1
2
/DE(ij) +
1
4
εk`(iD
`
j)
k
+
1
4
εk`(iE
k
(
Ej) −
1
2
γ · Tj)
)
` − 1
4
γa(iζ¯j)γaΛL
+
(
1
6
E(i −
1
8
γ · T(i
)
γaj)ΛRγaΛL +
1
2
γ · T(iηj) + E(iηj),
δQ,S(, η)ζ
i =
1
2
εijk /DEjk −
1
12
εijkγab /DT
ab
k j −
1
6
γ · Rˆ(V ik )k +
2
3
iγ · Rˆ(A)i + 1
4
Dik
k
− 1
24
Eiγ · Tjj +
1
8
Ejγ · Tji +
1
6
EjE
(ij)
+
1
8
εijkγakζ¯jγaΛL +
1
12
γajχ
ijγaΛL
− 1
6
i(ΛR /DΛL +
1
2
ΛL /DΛR) +
1
2
γabi(ΛRγaDbΛL −
5
6
ΛLγaDbΛR)
− 1
12
εijkγajΛRγ
aΛLEk −
1
6
iΛRΛRΛLΛL
+ εijk
(
Ej −
1
6
γ · Tj
)
ηk −
1
6
γaηiΛLγaΛR,
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δQ,S(, η)D
i
j =
3
2
i /Dζj − εjk`k /Dχi` + εk`jkζ(iE`) − Ekiχjk
+
1
4
iγ · Tj
↔
/D ΛR − 1
6
εjk`E
`EikΛL +
1
4
iγ · TjΛLΛRΛR
− 1
2
iγaζjΛRγ
aΛL − 1
6
Ej
iΛLΛRΛR − 1
2
εjk`
kΛLT
i · T `
− trace + h.c., (4.4)
where
Dµ
i =
(
∂µ +
1
4
ωµ
ab(e, b, ψ)γab +
1
2
bµ − 12 iAµ
)
i − V iµj j . (4.5)
The Aµ in here is the combination from the linear one in (3.17) and the reduction of Υµ in
(2.41). Note that the complex scalar C describing the coset SU(1, 1)/U(1) vanishes in the
truncation to the N = 3 Weyl multiplet. Therefore also Φα disappears. As a result, the
bonus U(1) symmetry described in Section 2.3 is not anymore an independent symmetry,
instead, it recombines with the diagonal U(1) inside SU(4) to form the U(1) R-symmetry
in SU(2, 2|3). As written after (3.19), the weights of the fields for both the U(1) factor
inside SU(4) and the extra generator λT used in Section 2.3 are equal, and they can thus
be combined in the new soft algebra. The gauge field associated to the U(1) R-symmetry
in SU(2, 2|3) will only inherit the fermionic term from the composite field Υµ in (2.41).
Explicitly one finds that the new U(1) gauge field in terms of the N = 4 fields is
Aµ = 2
3
iVµ4
4 − 1
4
iΛ¯4γµΛ4 =
2
3
iVµ4
4 − 1
4
iΛ¯RγµΛL . (4.6)
Note that this relation also impacts the λT parameter in the soft algebra. Furthermore, the
curvature tensor of the Aµ gauge field also gets corrected in the non-linear case:
Rˆab(A) =2
3
iRˆab(V
4
4 ) +
1
2
iΛRγ[aDb]ΛL − 1
2
iΛLγ[aDb]ΛR . (4.7)
This correction for the curvature has already been applied in (4.4). Explicit expressions of
the curvature tensors will be given shortly.
The nonlinear variations mentioned above are consistent with the soft algebra of the
following form
[δQ(1), δQ(2)] =δcgct(ξ
µ) + δM(λ
ab
1 ) + δQ(
i
3) + δS(η
i
1) + δSU(3)(λ
i
1j ) + δU(1)(λ1T ) + δK(λ
a
1K) ,
ξµ =
1
2
i2γ
µ1i + h.c.,
λab1 =−
1
2
eiT
abi − 1
2
eiT abi , ei ≡ εijk¯j1k2 ,
i3 =
1
2
ΛLe
i,
ηi1 =
1
8
/DΛLe
i − 1
4
χijej +
(
1
4
ζj −
1
6
EjΛR
)

[i
1 
j]
2 −
1
16
εij`γaχk`(
k
2γa1j + h.c.)
− 1
16
(
γaζ [i + γ · T [iγaΛL − 2
3
E[iγaΛL
)
(
j]
2 γa1j + h.c.) ,
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λ i1j =
1
4
ejE
i +
1
8
i1γa2jΛRγ
aΛL − h.c.− trace,
λ1T =− i1
6
eiE
i + i
1
6
(j1γa2j + h.c.)ΛRγ
aΛL + h.c.,
λa1K =
1
12
2iγ
bj1
˜ˆ
Rab(V
i
j ) +
1
24
i2iγ
bi1
˜ˆ
Rab(A)
− 1
6
eiDbT
ab
i +
1
64
¯2iγ · T [iγaγ · Tjj]1 + h.c.,
[δS(η), δQ()] =δD(λD) + δM(λ
ab
2 ) + δSU(3)(λ
i
2j ) + δU(1)(λ2T ) + δS(η
i
2) + δK(λ
a
2K) ,
λD =
1
2
iηi + h.c.,
λab2 =−
1
2
ηiγ
abi + h.c.,
λ i2j =
iηj − h.c.− trace,
λ2T =− 1
6
iiηi + h.c.
ηi2 =−
1
8
εijkγaΛLjγaηk,
λa2K =−
1
48
εijkηiγ · Tkγaj + h.c. ,
[δS(η1), δS(η2)] =δK(λ
a
3K) ,
λa3K =
1
2
η¯i2γ
aη1i + h.c. . (4.8)
Note that the parameter for the T-transformation has been corrected for the fact that the
U(1) R-symmetry gets combined with the additional U(1) symmetry present in the N = 4
theory when reducing to the case of N = 3 supersymmetry.
It is also useful to have the transformations of constrained gauge fields. Following the
method in Sec. 16.1.3 of [52], we find
δQ,S(, η)ωµ
ab =δgaugeωµ
ab + δMωµab ,
δgaugeωµ
ab =
1
2
¯iγabφµi +
1
2
η¯iγabψµi +
1
2
εijk¯
iψjµT
ab k + h.c. ,
δMωµab =
1
2
¯iγµR̂
ab(Q)i + h.c. ,
δQ,S(, η)φ
i
µ =δgaugeφ
i
µ + δMφ
i
µ ,
δgaugeφ
i
µ =Dµηi − faµγai +
1
8
εijkγaΛL
(
ψ¯µjγaηk − ¯jγaφµk
)
+
1
8
/DΛLε
ijkψ¯µ jk − 1
4
χijεjk`ψ¯
k
µ
` +
(
1
4
ζj −
1
6
EjΛR
)
ψ¯[iµ
j]
− 1
16
(
γaζ [iδ
j]
k + γ · T [iδj]k γa −
2
3
E[iδ
j]
k γ
aΛL + ε
ij`γaχk`
)
(kγaψµ j + h.c.) ,
δMφiµ =
1
16
(
1
3
γµγ
ab − γabγµ
)(
iR̂ab (A) i + 2R̂ab
(V ij ) j)
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− 1
16
εijkγabjΛLγµR̂ab (Qk)− 1
16
εijk
(
/Dγabγµ − 1
3
γµγab /D
)
T abk j
+
1
32
γ · T [iγµγ · Tjj] − 1
24
εijkγµγ · Tkηj . (4.9)
The commutator relations also determine the covariant curvatures before the constraints are
used. We find e.g.
Rˆµν(Q
i) =2
(
∂[µ +
1
4
ω[µ
ab(e, b, ψ)γab +
1
2
b[µ − 12 iA[µ
)
ψiν] − 2V[µjiψjν]
+
1
4
εijkγ · Tjγ[µψν] k +
1
2
εijkΛLψ¯µ jψν k − 2γ[µφiν] ,
Rˆµν(M
ab) =2∂[µων]
ab + 2ω[µ
acων]c
b −
(
ψ¯i[µγ
abφν]i +
1
2
εijkψ¯
i
µψ
j
νT
ab k + ψ¯i[µγν]R̂
ab(Q)i + h.c.
)
,
Rˆµν(V ij ) =2∂[µVν]j i + 2V[µ jkVν]ki
+
(
−2ψ¯i[µφν]j +
1
4
ψ¯i[µγν]ζj +
1
2
εjk`ψ¯
k
[µγν]χ
i` +
1
4
εk`jE
iψ¯kµψ
`
ν
+
1
6
Eiψ¯[µ jγν]ΛL +
1
8
ψ¯[µ jγ · T iγν]ΛL −
1
8
ψ¯i[µγaψν]jΛLγ
aΛR − h.c.− trace
)
,
Rˆµν(A) =2∂[µAν] +
[
1
3
iψ¯i[µφν]i + i
1
6
εijkE
iψjνψ
k
µ −
1
6
iψ¯iµγ
aψνiΛ¯Lγ
aΛR + i
1
3
ψi[µγν]ζi
+i
2
9
Eiψi[µγν]ΛL + i
1
6
ψi[µγ · T iγν]ΛL + h.c.
]
,
Rˆµν(S
i) =2
(
∂[µ +
1
4
ω[µ
ab(e, b, ψ)γab +
1
2
b[µ +
1
2
iA[µ
)
φiν] − 2V[µjiφjν]
− 2fa[µγaψiν] −
1
4
εijkψ[µjφ¯ν]kΛL
+
1
8
/DΛLε
ijkψ¯µ jψν k − 1
4
χijεjk`ψ¯
k
µψ
`
ν +
(
1
4
ζj −
1
6
EjΛR
)
ψ¯[iµψ
j]
ν
+
1
16
(
γaζ [iδ
j]
k + γ · T [iδj]k γa −
2
3
E[iδ
j]
k γ
aΛL + ε
ij`γaχk`
)(
ψk[µγaψν] j + h.c.
)
+
1
8
(
1
3
γ[µγ
ab − γabγ[µ
)(
iR̂ab (A)ψiν] + 2R̂ab
(V ij )ψjν])
+
1
8
εijkγabψ[µjΛLγν]R̂ab (Qk) +
1
8
εijk
(
1
3
γ[µγab /D − /Dγabγ[µ
)
T abk ψν] j
+
1
16
γ · T [iγ[µγ · Tjψj]ν] −
1
12
εijkγ[µγ · Tkφν]j .
(4.10)
Note that the variations (4.4) immediately determine the variations of the different curva-
tures associated to the gauge symmetries. The explicit formula for deriving these variations
is given in [52, chapter 11].
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5 Conclusion
In this paper the gravity multiplet for N = 3 conformal supergravity in four dimensions, also
known as theN = 3 Weyl multiplet, has been constructed. The construction of this multiplet
was done using three steps. First the known current multiplet of the N = 4 conformal
supergravity theory was truncated to N = 3 supersymmetry. These currents are essential
because they uniquely determine the Weyl multiplet. This one to one correspondence follows
from the first order action in which each current is coupled to a field in the multiplet:
S1 ∝
∫
field× current. (5.1)
The breaking of supersymmetry explicitly consisted of three consecutive steps:
1. put one supersymmetry parameter to zero 4 → 0,
2. determine the supersymmetry transformations restricted to the remaining three super-
symmetries,
3. find a subset of currents that transform internally for the remaining three supersym-
metries.
It was found that the subset of currents consisted of 64+64 ⊂ 128+128 fermionic and bosonic
components. The 128 + 128 components refer to the case of N = 4 conformal supergravity.
Inside the found multiplet 40 fermionic and 32 bosonic components were assigned to matter
fields. These fields are generally necessary in extended supergravity to ensure an equal
amount of fermionic and bosonic components.
The truncation thus split up the 128 + 128 components in the original N = 4 conformal
supergravity in two subsets. One of these subsets contained the gravity multiplet19 and
the other multiplet could be interpreted as a matter multiplet. For the truncation to be
consistent the two subsets had to be completely disjoint. The gravity multiplet transforms
internally under supersymmetries, and the matter multiplet does not act as a source into
the gravity multiplet when the supersymmetries are applied. We found that this is indeed
the case:
To further argue that the correct multiplet of currents was found, remark that previous
literature suggested that the Weyl multiplet of N = 3 conformal supergravity indeed had to
consist of 64 + 64 fermionic and bosonic components [41,42].
The first order coupling in (5.1) can be viewed as a perturbation around flat space. By
imposing invariance of this first order action, one then systematically finds the linearized
supersymmetry transformations. Determining these linear supersymmetry variations is the
second step in the three step procedure. To make sure that the found variations were correct,
their consistency with the superconformal algebra was checked.
The third step in the procedure was to determine the nonlinear variations. In this step
the large amount of symmetries in the superconformal group gets its merit. Consistency with
19This includes the graviton, gravitino and gauge fields associated to the R-symmetry.
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the Lorentz, conformal and R-symmetries puts strong restrictions on the possible terms in
the supersymmetry variations. Keeping these restrictions in mind all the thinkable terms
were added to the variation, with a priori unknown coefficients. These coefficients were then
determined by consistency with the soft algebra. In extended supergravity one normally
finds such soft algebras instead of conventional Lie algebras, see [60–62] for a more detailed
description of such algebras. In a soft algebra the commutator relations deform such that
the parameters are dependent on the field content itself, for the N = 3 Weyl multiplet the
soft algebra has been given in Section 4.2.
Finally, we would like to elaborate on some possible future applications of the theory
constructed in this paper. With the knowledge of the Weyl multiplet and its full super-
symmetric variations one is able to research the possibilities for extending to higher order
derivative theories as well. This was already done in [2] for N = 4 conformal supergravity.
However, because very little was known for the N = 3 case this is still an open problem.
Also, applications in holography would be interesting with respect to this newly found
theory. Recent papers, [21,22], have discussed several of these applications concerning N = 3
Poincare´ supergravity. It would be interesting to see in what way these results can be
incorporated into the superconformal theory. In recent studies of double copy constructions
the case of N = 3 supergravity has also been of interest [63].
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A Useful identities and conventions
A.1 Conventions
In general the conventions of [52] are used. Here we will mention a few important notions
that could potentially cause for confusion. Throughout this paper the mostly plus convention
is used for the metric. When a two sided derivative is used it will be with a minus sign when
the derivative works as a right acting operator:
A
↔
∂µ B := A∂µB − ∂µ(A)B. (A.1)
A dualized tensor is denoted with a tilde and we use the following definition of the dual:
G˜µν := −1
2
ie εµνρσG
ρσ. (A.2)
A.2 Chiral notations
In N -extended supersymmetry the fields are, amongst others, representations of the R-
symmetry group. Specifically for N = 3 supersymmetry the fields are representations of the
group SU(3) × U(1). For the N = 4 case on the other hand we have that the R-symmetry
is described by SU(4). Concretely this means that the fields in such theories have extra
indices, besides the possible spacetime and spinor indices. These indices are denoted with
Latin letters i, j, k, . . .. Furthermore, we will use these indices to distinguish between fields
and their charge conjugated versions. An example of this is given by the R-symmetry gauge
field in the N = 4 and 3 Weyl multiplets described in Sections 2 and 3.1 respectively. The
complex conjugation of this field is given by
(V iµj )
c = V jµ i = −V jµi , (A.3)
where the latter equation is due to the antihermiticity of these fields. For spinors we can use
these indices to denote their chirality. For instance, for the spinor Λi, which is in a vector
representation of the R-symmetry group, we define
Λi = PRΛi ⇒ (Λi)c = Λi = PLΛi. (A.4)
For different spinors we have used different conventions for their chirality. This should
become clear if one keeps in mind that for the supersymmetry parameters we use the following
conventions
γ∗
i = i , γ∗η
i = −ηi. (A.5)
The chirality for all the other spinors then follow from consistencies in the supersymmetry
transformations. For clarity all the conventions of the spinor chiralities with respect to the
SU(N ) representation have been written in Table 6.
35
Theory
(N ) Spinor Chirality Spinor Chirality
3 λL, λR L,R ΛL,ΛR L,R
4 λi R Λi L
3 ξij R χij L
3 ζi R
4 ξijk R χ
ij
k L
3,4 φiµ R
3,4 J iµ R ψiµ L
3,4 Qi L i R
3,4 Si R ηi L
Table 6: The handedness of the different spinors with respect to the chiral notation.
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A.3 Traces and hermitian conjugation
In several supersymmetry variations we have used the notation
δV = W − trace , and δV = W + h.c.. (A.6)
The meaning of these notations is the following. As a first example, for indices running over
i = 1, . . . , 4:
W
[ij]
k − trace = W [ij]k +
2
3
δ
[i
kW
j]`
` , (A.7)
where the coefficient of the second term is determined by the demand that δki on this ex-
pression vanishes. Say we have a tensor Dijk` in some representation of SU(N ) such that
Dijk` = D
[ij]
[k`] and D
kj
k` = 0. Then we will have to ensure that the supersymmetric variation
of this tensor will have the same symmetry and trace properties. This is done by taking a
variation of the following form
δDijk` = V
ij
k` − αδ[i[kV j]p`]p − βδijk`V pqpq , δijk` = δ[k[i δ`]j] . (A.8)
The coefficients α and β are then determined by making δDk`kj vanish identically. In the
case of SU(4), such that i, j, . . . = 1, . . . , 4, this is done by taking α = 2 and β = −1
3
. If
the field D is also hermitian we will have to ensure that the right-hand-side of the variation
is also hermitian. The following example shows how this is done by adding the hermitian
conjugated form of a variation. If we write that the tensor varies under a supersymmetry as
δDijk` = 
[iW
j]
[k`] − trace + h.c. . (A.9)
and the complex conjugate of W ijk = W
i
[jk] is W
jk
i then this means
δDijk` = 
[iW
j]
[k`]−δ[i[kj]W p`]p+¯pδ[i[kW j]`]p+
1
3
δijk`¯
pW qpq+[kW
ij
`] −δ[i[k`]W j]pp +¯pδ[i[kW j]p`] +
1
3
δijk`¯pW
pq
q .
(A.10)
A.4 Comparing the conventions to the literature
Much of the work presented in this paper is related to results already found in [35]. In this
appendix we will clarify the differences in terms of the conventions between this work and
theirs.
For the (anti-)symmetrization we have taken the ”weight one” convention such that
V(iWj) =
1
2
(ViWj + VjWi) , and similar for the antisymmetrization, (A.11)
in contrast with [35] where no factor 1/2 is taken. Another difference is that the Levi-Civita
symbol with space-time indices, εabcd, in [35] should be replaced with −iεabcd to compare the
results. The antisymmetric gamma matrix with two indices in [35] is defined as
σab =
1
2
γab. (A.12)
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Furthermore, for the gauge fields some conventions have changed (the left-hand side are
symbols used in [35], while the right-hand side consists of symbols used in this work)
V iµ j ⇐V iµj , φµi ⇐ 2φµi,
faµ ⇐2faµ , aµ ⇐ −iΥµ
(A.13)
The final differences are in the definitions of the parameters of the soft algebra
i ⇐ 1
2
i, 
ab ⇐ −λab,
ΛaK ⇐ 2λaK , Λ⇐ −λT .
(A.14)
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